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ABSTRACT
We used five randomly selected cadaver specimens to
evaluate the Anderson Knee Stabler and the Lenox Hill
Knee Brace, individually and in combination with an
anterior cruciate ligament protective tape method. Re-
duction of total laxity, as well as a defined pathologic
anterior-posterior translation and internal-external ro-
tation, was tested after the anterior cruciate and medial
collateral ligaments of the specimens had been sec-
tioned. Displacements were produced pneumatically;
loads were applied to the tibia with the knee in 50&deg; of
flexion.
The tape and Lenox Hill Brace combination showed
the greatest reduction in both anterior-posterior trans-
lation and internal-external rotation. The Lenox Hill
Brace and the tape method used individually both re-
stricted anterior-posterior translation and internal-ex-
ternal rotation better than the Stabler Brace alone. This
study provides objective evidence of the restraining
capabilities of these protective systems that may prove
to be beneficial in the clinical setting.
The incidence and recurrence of knee injuries in athletic
competition has created a large market for protective meas-
ures to improve knee stability. High school, college, and
professional athletic teams spend large amounts of money
on devices and materials designed to provide these measures.
Among the most popular means of protection are athletic
tape, prophylactic braces, functional braces, and quite com-
monly, combinations of tape and a brace. At the University
of Michigan, over $50,000 is spent annually on athletic tape.
Literally dozens of braces produced by various manufactur-
ers are currently available, but only at a considerable ex-
pense. Unfortunately, neither the practice of taping nor
bracing has sufficient objective justification for their exten-
sive use.
Despite the cost of taping, very little is known about its
effectiveness as a ligament support in healthy or injured
knees, or of its role in knee joint kinematics. In fact, the
authors are aware of only one study evaluating the effective-
ness of taping with or without braces; this work was reported
by Roser et ap8 in 1971. They suggested that the main
benefit of taping unstable knees was psychological and that
increased stability could not be demonstrated. Their report
was rather pessimistic, but it does point out the lack of
research in this area.
Prophylactic bracing is also a controversial area.2~9~12,z1
While some studies have supported their use in restricted
circumstances, 1,20 others have actually suggested that pro-
phylactic bracing may increase the rate of injury at the
knee 19 and ankle joint.&dquo;
Functional knee bracing, which is commonly used in the
treatment of ACL-deficient or ACL-reconstructed knees, is
no less controversial. While plenty of subjective testimonials
of protection are available,3,8,14,15,16,22 the results of inde-
pendent objective studies 3, 5,6, 13, 17,23,24 are not as encouraging.
Given the lack of objective support, the purpose of this
investigation was to evaluate the biomechanics of anterior-
posterior (AP) tibiofemoral translation and internal-exter-
nal (IE) rotation and the effect of an ACL-protective knee
taping method, used alone and in combination with a func-
tional or prophylactic knee brace. The braces used were the
Lenox Hill (Lenox Hill Brace Inc, Long Island City, NY)
and the Anderson Knee Stabler (Omni Scientific Inc, La-
fayette, IL). The authors chose to evaluate these two braces
because of their extensive use in competitive sports. The
Anderson Knee Stabler was designed to provide support
* Address correspondence and repnnt requests to: Edward M. Wojtys, MD,
University of Michigan, Medsport, P. 0 Box 363, Ann Arbor, Mi 48106-0363.
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mainly to the collateral ligaments of the knee, and it is
often used as a prophylactic brace. Unfortunately, it has
been suggested that there is a possible association between
the use of the brace and an increased rate of knee injuries,
including ACL tears.19,21 With these factors in mind, we
evaluated the reductions of pathologic AP translation and
IE rotation provided by taping, braces, and a combination
of both in knees with a torn ACL and medial collateral
ligament (MCL).
MATERIALS AND METHODS
Testing was carried out on the hip-disarticulated lower
extremities of five fresh-frozen human cadavers. Specimens
were the same as those randomly selected for a previous
study that involved complete sectioning of the ACL and
MCL.24 Because the present study was an extension of the
previous work and statistical comparisons demonstrated no
significant tissue loosening had occurred between these stud-
ies, displacement data obtained before ligament sectioning
were available for analysis. This reference allowed for the
definition of the variable &dquo;pathologic displacement.&dquo; Path-
ologic displacement was defined as the amount of displace-
ment greater than that produced when the intact limb with
no brace or tape was tested. Percent reduction in pathologic
displacement was calculated by the following formula: Per-
cent Reduction in Pathologic Displacement = [1-(D-NL/
RV-NL)] x 100 where D = displacement from a given test
measurement, NL = displacement in the intact specimen,
RV = displacement in the limb with ligaments transected
and no restraint.
Specimens ranged in age from 57 to 75 years (mean, 65).
There were three right limbs and two left limbs. All of the
limbs were examined clinically before the experiments and
were found to be stable and without visible scars, deformi-
ties, or abnormal range of motion. All specimens were kept
frozen at -20°C except during preparation and testing. The
limbs were removed from the freezer the day before each
test session. Testing was not begun until the limbs were
thoroughly defrosted, as evidenced by a smooth, easy to
complete range of motion.
Specimens were prepared for testing by cutting through
the femur and the soft tissues of the thigh at the level of the
lesser trochanter, reaming the femur, and cementing a
threaded rod (0.5 inch diameter) into the medullary canal,
leaving approximately 6 inches available for anchoring to
the testing jig. We then cut through the tibia and soft tissues
of the leg immediately proximal to the medial malleous,
reamed the tibia, and cemented a spline into the medullary
canal, reinforcing it with cross-bolts to protect against fail-
ure during torsional loads. Next, we drilled a %-inch diam-
eter hole, anterior to posterior, through the tibia at the level
at the tibial tubercle and bolted a %-inch diameter threaded
dowel through the hole so that it projected posteriorly
through the soft tissues. Last, we inserted two cancellous
bone screws, diagonally and obliquely, through the distal
end of the femur (Fig. 1). Neither the screws nor the dowel
impeded the motion of the knee joint.
Figure 1. Testing apparatus and mounted specimen without
a brace.
Before testing, each specimen was positioned in the test-
ing jig using the center of rotation of the knee as a reference
to ensure consistent placement of specimens. The testing
apparatus, data acquisition, and procedure are described in
a previous study.24 All loads were applied as impact loads
and were maintained until the displacement had ceased and
the system had reached equilibrium. Anterior-posterior
loads of 125 N were imposed on the tibia through the
threaded dowel in the proximal tibia and were applied with
a pneumatic cylinder in series with a load cell. The AP
loading system was connected, in parallel, to a linear poten-
tiometer. The load cell was calibrated on an Instron (Instron
Corp, Canton, MA) materials testing machine and was used
to measure AP forces. The linear potentiometer measured
anterior and posterior displacements.
Rotation was produced through a bicycle sprocket (Fig. 1)
coupled to the tibial spline. A bicycle chain was wrapped
halfway around the sprocket with its ends attached to pneu-
matic cylinders in series with the load cells. This system
provided a constant lever arm producing rotational loads of
12 Nm, independent of the extent of displacement. The
force measurements were multiplied by the lever arm to
calculate torsional loads. Rotational displacements were
measured with a ten-turn potentiometer connected to the
rotating sprocket.
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All data were recorded directly on a microcomputer
through a data acquisition system and sampled at 100 Hz.
Hardware control and data reduction were performed by a
custom program written in ASYST (ASYST Software Tech-
nologies, Inc, Rochester, NY). Limbs were placed in the
testing jig with the knee in 50° of flexion. Taping, brace
application, and all testing were performed in this position.
Fifty degrees of flexion was chosen because the clinical
protocol for taping requires this position. The braces used
in this study could also be applied in this position. Practical
reasons and the need to minimize the risk of undue tissue
fatigue prevented testing of other joint positions.
In the test procedure, we started the acquisition of data
by triggering the computer and then opening the appropriate
pneumatic valves to supply the loads. The computer sounded
a bell at the beginning and end of an 8-second interval
during which the translational or the rotational test was
performed. A single trial was used for each test condition.
Reliability testing provided a reliability coefficient of 0.99
for both translation and rotation, indicating that a single
repetition would be sufficiently representative. Transla-
tional tests were performed by loading anteriorly first, then
posteriorly. Rotational tests were performed by loading in-
ternally first and then externally. Displacement values for
each trial were recorded as the displacement at the first
occurrence of the target load.
The method of taping used at the University of Michigan
Athletic Department to support ACL-deficient knees is a
combination of techniques used by others in the athletic
training field, but not specifically identified elsewhere in the
literature. This method is designed to limit anterior trans-
lation of the tibia as well as to provide medial and lateral
support to decrease varus and valgus angulation of the knee.
After appropriate preparation with tape adherent and
protection of the popliteal space, the tape was applied as
shown in Figure 2. First, anchor strips were applied to the
thigh and leg (Fig. 2A). Then, a series of strips forming an
&dquo;X&dquo; pattern centered at the midjoint line were applied to
the medial and lateral aspects of the knee (Fig. 2B). Next, a
series of strips formed a spiral pattern designed to augment
A-P stability without limiting patella movement (Fig. 2C).
Finally, an ACL-protective strip was applied to capture the
proximal tibia and decelerate full extension of the knee (Fig.
2D).
Before and after tests of the restraints, each specimen was
tested without a restraint to serve as a control and to monitor
for soft tissue loosening during the test procedures. Paired
t-test comparisons were made to examine this pre- and
posttest control relationship. These comparisons indicated
that there was no significant change in AP translation and
a 3% increase in rotation (P = 0.032). Because the tissue
loosening that occurred was small relative to the changes
caused by the interventions, we felt that the most appropri-
ate reference value would be obtained by averaging the pre-
and posttest results of the unprotected controls. Data were
standardized to this reference value, allowing comparisons
to be made between restraints over several specimens.
A 95% confidence interval was used to demonstrate that
in each case application of a restraint resulted in a signifi-
cant reduction in tibiofemoral displacement relative to the
control. The control values for reduction of displacement
were used as the reference point and the confidence interval
tested whether all reductions of displacement were signifi-
cantly greater than the control values.
One-way analysis of variance and covariance with re-
peated measures were performed to test the significance of
differences between the various restraint conditions and
combinations.
Paired t-tests were performed to compare each restraint
condition to the others. The chosen level of significance was
P < 0.05. Because multiple comparisons were made between
the various testing conditions, a Bonferroni adjustment for
simultaneous significance of the comparisons was used.
Therefore, to achieve an overall P value of 0.05, only those
individual comparisons with P values less than 0.005 met
the criteria for simultaneous significance.
RESULTS
All testing conditions using the braces, tape, or combinations
resulted in a significant reduction in both AP translation
and IE rotation when compared to the averaged control
(Table 1). Results of the analysis of variance showed that
significant differences between the various restraint condi-
tions existed: [F statistic = 22.23, P < 0.005, df = (4,4)].
Percent reductions in pathologic displacement and rota-
tion are shown in Table 2. Significance levels of comparisons
between the conditions for translation and rotation are
reported in Table 3.
The tape and Lenox Hill brace combination performed
statistically better than any other individual restraint or
combination in reducing AP translation and IE rotation.
The differences between tape, the Lenox Hill Brace, and the
Stabler Brace when used individually were not statistically
significant nor were they different from the combination of
tape plus Stabler Brace.
DISCUSSION
The reduction of translation and rotation provided by the
tape plus Lenox Hill Brace combination was clearly greater
than any other restraint condition. This was not surprising
since Roser et aI. 18 reported that the combination of taping
plus the Palmer brace (Quik-Cold Inc, Moberly, MO) im-
proved anteroposterior stability.
Although comparisons between the individual restraints
did not meet the chosen criterion for significance, the au-
thors are confident that, compared to the Stabler Brace
alone, both the Lenox Hill Brace and the tape method will
provide greater restriction to translation and rotation. This
conclusion was to be expected given the design and intended
purpose of the Stabler Brace. Unfortunately, we were not
able to test for varus-valgus instability where the Stabler
would have been expected to perform much better than it
did for AP translation and IE rotation.
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Figure 2. Diagrams of the taping method used as shown on a left knee. A, the initial step in taping involved applying anchoring
strips around the thigh and leg. B, the second series of tape strips formed an X pattern on the medial side of the knee. C, the
third series of strips were spiraled distal to proximal in opposite directions and crisscrossed in the midpopliteal space. D, the
ACL spiral strips were applied beginning on the anterior thigh angling distally and medially, then spiraling around the leg before
turning posteriorly and superiorly to finish laterally on the anterior thigh.
TABLE 1
Total absolute measurements of rotation and translation in five specimens
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TABLE 2
Percent reduction of pathologic displacements in five specimens
Two important limitations must be taken into account
when interpreting this data. The first is that the load levels
used to test knee laxity in this study were much lower than
those levels anticipated in an in vivo circumstance, partic-
ularly those that would result in a joint injury.3,S,12,16 Beck
et aI.4 found that as the force level increased, the effective-
ness of functional knee braces in controlling anterior tibial
translation decreased. Markolf et ail.&dquo; stated that laxity
measurements were best observed under high loads (200 N),
while knee stiffness changes were best demonstrated at low
loads (100 N or less). Thus, at high load levels the displace-
ments would be expected to be much greater. The lower load
levels used in this investigation provided consistency and
reliability in the procedure and were necessary to avoid
damaging the limb preparations.
Another important limitation to consider is the lack of
active muscle tension in the cadaveric model used in this
study. Under normal conditions, tension produced by mus-
cles that cross the joint would be expected to decrease the
displacements at a given load. The ACL/MCL-deficient
cadaveric model is an example of an unstable knee where
active muscle tension does not contribute to knee stability.
This model allows specific isolation of the mechanical com-
ponent of the restraint and it represents a condition where
dependence on the restraint is maximal.
Before extrapolating the results of this study to clinical
practice, some additional considerations are needed. In par-
ticular, loosening and slippage of tape or a brace is a common
problem encountered during activity. Brace slippage can
decrease its effectiveness and continues to be a major patient
complaint.8,12 With activity, tape may stretch and perspira-
tion may loosen the grip, rendering it ineffective as well.
None of these situations were present in this study. Because
of these factors, some of the results may be overly optimistic
when considering their actual clinical effectiveness.
Another important consideration is the role that sensory
feedback and proprioception may play in determining the
magnitude of reduction of displacement that taping or brac-
ing may provide. While little is known about the effects of
these restraints on proprioception, one can be certain that
tactile information received from around the joint is af-
fected. One can speculate that there would be a beneficial
increase in the athlete’s motor control system. Branch et
al.~ studied the EMG patterns of muscles crossing the knee
joint in ACL-deficient knees with and without braces and
concluded that the firing patterns of the quadriceps, ham-
strings, and gastrocnemius muscles did not change. While
this data was interpreted to mean that no change in propri-
oception occurred, the total and peak activity of the quad-
riceps and hamstring muscles did change with bracing, in-
dicating a possible effect and suggesting the need for further
research.
In some circumstances, all of our defined pathologic dis-
placement was eliminated and even some the tibiofemoral
motion present with intact ligaments was restrained (e.g.,
Table 2, Cadaver 239, 177.2% reduction in pathologic IE
rotation with tape). This raises the question of how much
restraint is necessary and appropriate for controlling knee
joint kinematics. If mobility is overly restricted, one would
anticipate a decreased range of motion and altered kinemat-
ics. This could lead to accelerated rates of joint surface
TABLE 3
Comparison of mean percent reduction
° Average percent reduction given in parentheses.
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degeneration or other complications. Thus, our goals for
controlling abnormal tibiofemoral translation must account
for the possibility of undesired overrestraint. The ideal brace
is one that permits full normal mobility, but restricts any
motion beyond that.
This study evaluated the purely mechanical effects of
braces, tape, and combinations of tape and a brace on the
AP translation and IE rotation of knees with complete ACL
and MCL ruptures. It indicates that athletic tape or brace
restraints do have a mechanical effect in reducing knee
instability. The combination of tape plus the Lenox Hill
Brace provided more restraint than any other condition.
Whether these effects, when combined with factors encoun-
tered in a normal physiologic environment are actually
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